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INTRODUCTION 
A Jane drop is defi
ned as a location on
 a highway where th
e number of lanes p
rovided for through
 
traffic decreases. Fo
r purposes of this st
udy, the broad categ
ory of lane drops has
 been further subdiv
ided 
into three specific 
classes: lane exits, l
ane splits, and lane 
terminations. These
 subdivisions are illu
strated 
schematically in Fi
gure 1. A Jane exit
 refers to a location
 where the number 
of through lanes dec
reases 
at an interchange o
n a multilane roadw
ay. A lane split den
otes a major bifurcation of
 a multilane highway
 
where the level of 
traffic service provi
ded at the terminus
 of either fork is a
pproximately equal.
 Thus, 
the Jane split does 
not bave the same 
exit connotation w
hich is associated w
ith a lane exit. The
 third 
category is the lan
e termination whic
h occurs where a 
lane ends. A lane 
termination leaves a
 driver 
with no choice, he 
must merge into the
 other available lane
(s). A lane termination a
lso has no connectio
n 
with an exiting sit
uation. 
Associated with the
 first two categories
, lane exits and lane
 splits, is the conce
pt of driver decision
. 
The driver who is c
onfident of his desti
nation and the prop
er path thereto gene
rally presents no co
nflict 
with the flow of tr
affic. The problem 
arises largely from 
those drivers who ar
e inattentive, intoxi
cated, 
uncertain of how t
o reach their destin
ation and( or) have impro
per driving habits. F
urther compounding
 
the problem are tho
se drivers who are 
high-expressive self·
 testers, applying on
e of the terms colu
ed by 
Roberts ( 1 ), and who will kn
owingly remain in th
e "wrong'' lane to ta
ke advantage of pass
ing opportunities 
--
even at the possibl
e cost of encounter
ing higher risk whe
n eventually mergin
g into the correct 
lane 
(2). It is each of these ty
pes of individuals, a
s shown in Figure 2
, who conflict with 
the traffic stream. 
Therefore, it is imp
erative that the driv
er be made aware o
f the necessity for a
n early decision rega
rding 
his course of trave
l. The driver who 
makes an errant de
cision and abides b
y it is not as dang
erous 
as the one who ma
kes a delayed decis
ion and attempts, o
ften too late, to co
rrect it. Thus, the d
river 
who ·perchance take
s the wrong branch 
is likely to resort to
 desperation tactics 
and back up or unde
rtake 
some other maneuv
er that is illegal or
 contrary to safety
. 
The purpose of th
e study reported h
erein was to evalu
ate certain operatio
nal characteristics 
of 
lane-drop situations
 as they are influe
nced by various fo
rewarning, decision-
demanding messages
. The 
operational charact
eristics evaluated w
ere traffic conflict
s (both erratic movem
ents and brakelight
 
applications), vehicle sp
eeds (both automobiles 
and trucks), and lane v
olumes. More speci
fically, the 
immediate purpose 
was to discover ty
pes of signs, pavem
ent markings, and l
ane delineations wh
ich 
minimize or reduce
 traffic conflicts at
 existing lane drop
s. Such "band-aid" 
type improvements 
were 
chosen for study be
cause, insofar as ex
isting lane-drop loca
tions are concerned,
 some reduction in 
risk 
can be more quick
ly and cheaply acc
omplished than can
 the elimination of
 "causes" (3}. It was also
 
hoped that an opti
mum design criteria
 for lane-drop situa
tions might be dete
rmined. 
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Figure 1. Lane 
Drop Types 
2 
LANE TERMINAT
IONS 
Figure 2. Typ
ical Examples of
 Driver Confusio
n at Lane Drop 
Locations 
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Several standard an
d untried traffic co
ntrol devices were 
selected for experi
mentation. A pilot
 study 
at a geographically
 advantageous loca
tion containing thr
ee lane splits was 
conducted, and da
ta collection 
techniques were e
valuated. Final stu
dies were then co
nducted at four lo
cations, each being
 a different 
lane-drop type. 
LITERATURE RE
VIEW 
The AASHO Spec
ial Traffic Safety 
Committee best d
escribed the undes
irability of lane dr
ops ( 4) 
when it said, "Lan
e drops should no
rmally be avoided
 altogether by ori
ginal design or late
r rebuilding, 
but where this is 
not practicable, fu
lly adequate advan
ce warning of lane
-drop situations m
ust always 
be provided to gi
ve drivers sufficien
t time to maneuv
er safely into the 
proper lanes." Oth
ers (5, 6, 7, 
8, 9) are also critical 
of the potential h
azards (vehicle entrapm
ent, driver indecisi
on, etc.) inherent in 
most lane-drop situ
ations. Such hazard
s arise because lan
e drops are discon
tinuities in the high
way system 
--
misfits in the dr
iver's environmen
t. 
Although recogniz
ed by many as u
ndesirable highwa
y features, Jane 
drops are a subs
tantially 
unresearched area.
 One lane-drop s
tudy is currently 
being undertaken 
by the System D
evelopment 
Corporation of C
alifornia (1 0 ). It is es
sentially a study• 
of traffic operatio
ns at several sites
 utilizing 
sequential aerial p
hotographs to com
pute vehicle trajectories
. At the present time, in
sufficient data hav
e 
been accumulated 
to reach conclusion
s. Another study, b
y the California D
ivision of Highway
s (11), used 
accident data to e
valuate lane drops
. Four conclusion
s from this study 
were: I) accident exp
eriences 
were alike for all t
hree-to-two lane te
rminations (three lanes
 transitioning to tw
o lanes); 2) the single-l
ane 
exit without taper
 had the lowest o
verall accident rat
e; 3) in all two-to-one
 lane terminations
, shoulder 
or right-hand throu
gh Janes had accide
nt rates only half a
s great as the highe
r-speed median Jan
es continued 
through; and 4) there
 was only a sligh
t increase in acci
dent rates as the v
olume of traffic i
ncreased. 
A more recent stu
dy formulated, an
d validated by aer
ial photography, a
 mathematical mod
el describing 
the density pertur
bation on a multi
lane freeway ( 12). 
No completely sa
tisfactory manner 
of signing lane-dro
p situations has ye
t emerged ( 4 ). Two stu
dies 
concluded, insofar 
as nighttime condi
tions are concerne
d, that a carefully p
lanned and execute
d delineator 
treatment is highl
y accepted by dri
vers, easily follow
ed, and generally 
helpful (13, 14 ). The 
Manual 
on Uniform Tra
ffic Control Devic
es (15) also attests to 
the merits of a pr
oper reflective tre
atment. 
In a study of Jane
-termination signin
g in California, dr
ivers' reactions to 
various signs viewe
d from 
film or slides wer
e tested. The stud
y indicated a rec
tangular four-foot
 by eight-foot sign
 bearing the 
message LANE E
NDS ·· MERGE L
EFT was significa
ntly better unders
tood than four o
ther signs or 
sign combinations 
used in the study ( 16 ). 
A study in Michiga
n indicated some re
duction in driver co
nfusion 
4 
with a "color 
coding" system
, consisting of
 edgemarking, d
elineation and 
signing (17). Ano
ther study 
by the Michiga
n Department 
of State Highw
ays ( 18) disclosed 
that certain sig
nificant reducti
ons in lane 
changes and er
ratic movemen
ts (70 and 78 pe
rcent decreases
, respectively) cou
ld be attribute
d to a 
black-on-yellow
 EXIT ONLY 
panel and that
 the continued
 use of this p
anel for lane-d
rop situations 
would be advi
sable. 
From two stu
dies (19, 20} of th
e effectiveness 
ofpavement e
dge markings, 
it was conclude
d that 
edge markings 
reduced both th
e number of fa
talities and the
 number of acc
idents at inters
ections during 
both daytime a
nd nighttime c
onditions. To e
xplain these fin
dings, it was s
uggested that e
dge markings 
encourage driv
ers to look fa
rther ahead. O
ther studies de
scribe the bene
ficial psycholog
ical effects on 
driver confiden
ce provided b
y edge markin
g (21, 22). Anoth
er study (23} rela
ted the usefuln
ess of 
pavement mark
ings in reducin
g hazardous la
ne changes wh
ere roadways 
diverge. 
Two recent st
udies (24, 25 j indi
cated it was po
ssible to objectively
 measure the accide
nt potential 
of a given area
 using the traf
fic conflict cri
terion, i.e., to 
evaluate the ar
ea dynamically
 .. not waiting
 
for an acciden
t history to ev
olve. The stud
ies also indica
ted the traffic 
conflict techniq
ue provides a 
relatively quick
 test, in the fo
rm of "before 
and after" conf
lict counts, for
 determining th
e effectiveness 
of traffic engin
eering changes.
 Furthermore, 
the traffic conf
lict technique, 
according to the
se same studies
, 
resulted in accu
rate measures
 of accident po
tentials, provide
d an understand
ing of basic cau
ses of accidents
 
and should ulti
mately lead to 
a reduction of 
traffic accident
s. A later study
 employing the 
traffic conflict 
method at rura
l, dual highway
 intersections i
ndicated that s
imple conflicts,
 defined as situ
ations involving
 
one or m
ore vehicles ta
king evasive ac
tion, do not c
orrelate closely
 with reported
 injury accidents. 
However, the 
same report st
ates that serio
us conflicts, d
efined as situa
tions involving
 a vehicle in a
t 
least a sudden 
rapid decelerati
on or lane cha
nge to av9id c
ollision, correla
te well with re
ported injury 
accidents both 
in location and
 time of day. 
Speed measure
ments were a
lso made, but 
no evidence wa
s 
found indicatin
g that vehicles 
traveling faster 
than average we
re an importan
t factor in gene
rating accidents
 
(26). 
PROCEDURE 
The pilot study
 was conducted
 at the I 64 • I
 75 interchange
 in Fayette Co
unty. This is a 
standard 
three-leg interc
hange of direc
tional design (wit
h a three-level str
ucture). At the ti
me this interch
ange 
was designed, p
rojected traffic volu
mes and existin
g safety design 
standards did n
ot indicate an im
mediate 
need for constr
ucting two-lane
 ramps on the
 legs. Therefor
e, this intercha
nge provided th
ree lane splits 
(Figures 3 through
 5) which could b
e investigated 
as a pilot effo
rt. The single-l
ane aspects of 
the legs 
provided an ex
cellent exampl
e of the nece
ssary decisions 
drivers must m
ake. 
5 
Figure 3. l 75 
SB • l 64 E
B Lane Split
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Figure 4. 
I 75 NB . I 64 EB 
Lane Split 
7 
Figure 5. I 64 
WB Lane Split 
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Conflict surveys (consisting o
f both erratic movemen
t and brakelight applica
tion counts), spot-speed 
measurements and lane
 volume counts were m
ade at each of the thre
e approaches. Conflict 
studies were 
originally of 12-hour 
duration: nine hours in
 daytime and three ho
urs in nighttime. Thus
, at the I-75 
northbound gore area
, observations were m
ade from noon to m
idnight on Sunday, t
he highest 
traffic-volume day in t
his direction. At the I-
75 southbound gore are
a, the observation perio
d was from 
noon to midnight on F
riday. I-64 westbound 
lane-split observations 
were made on Tuesday
 because no 
exceptionally heavy tra
ffic day existed there. 
Furthermore, the extre
mely light volume of tr
affic at this 
site under nighttime c
onditions made it unn
ecessary to record dat
a after sunset. This sc
hedule was 
abandoned because a 
linear multiple regressi
on analysis failed to sh
ow any correlation bet
ween traffic 
volumes and erratic mo
vement rates. The nine
 daytime hours were re
duced to six, which wer
e determined 
to be sufficient to ob
tain statistically signifi
cant results. 
Erratic movements we
re grouped int~ six cate
gories. These six categ
ories ·· cut across gore
 area, 
crowded weave, sto~ped
 or slowed drastically, s
werved, backed at gore,
 and multiple error --a
re defined 
in APPENDIX A. Bra
kelight actuations were
 also recorded. 
Spot-speeds were recor
ded at each of the thr
ee approaches to the i
nterchange. A minimum
 sample 
of 100 automobiles and
 30 trucks was observe
d at four points in each
 two-lane approach: 1) the sh
oulder 
lane at the gore, 2) the m
edian lane at the gore
, 3) the shoulder lane a di
stance of 500 feet bac
k 
from the gore, and 4) the m
edian lane a distance o
f 500 feet back from th
e gore. Volume counts
 were 
made of both the me
dian and shoulder lane
s at each approach. 
Finally, studies were co
nducted at the four lan
e drops shown in Figur
es 6 through 9. Each is 
typical 
of a different type of l
ane drop. The four site
s were: I) I-75 southbound a
t l-71 southbound, a singl
~-lane 
exit with taper; 2) 1-75 nor
thbound at the 5th Str
eet exit in Covington, 
single-lane exit without
 taper; 
3) US 27-68 (Paris Pike) nort
hbound, just north of New Cir
cle Road in Fayette Cou
nty, a lane termination;
 
and 4) the western terminus
 of the Bluegrass Park
way at Elizabethtown, 
westbound, a single-lan
e split. 
Confiicts, erratic move
ments and brakelight c
ounts, were recorded fo
r six daytime hours and
 three 
nighttime hours. Where
as in the pilot study, "
stopped or slowed aras
tically" was one catego
ry, it seemed 
more definitive at this 
stage to separate them
. "Backed at gore" was
 changed to "stopped a
nd backed." 
Only one set of observ
ations was made at eac
h site for each traffic 
control system utilized
. Each 
set consisted of volu
me counts, conflicts,
 and spot~speed measur
ements. However, bec
ause random 
observers collected the 
conflict data for the p
ilot study sites, it was 
felt desirable to condu
ct "check" 
studies in an attempt t
o determine if any var
iability, due to observe
r bias, was being introd
uced. Three 
such check studies wer
e made and the confli
ct results were not sig
nificantly different from
 the original 
surveys. There were a 
few significant (95 percent 
confidence level) mean speed
 differences, the reason
s 
9 
Figure 6. I 7
5 SB · I 71 SB S
ingle Lane Exit w
ith Taper 
10 
Figure 7. I 75 NB . 5th
 Street Single Lane Exit withou
t Taper 
I I 
Figure 8. US 27 - 6
8 (Paris Pike) NB Lane Termina
tion, North of New Circle 
Road, 
Fayette County 
12 
Figure 9. Bluegra
ss Parkway, WB Sing
le Lane Split at Wes
tern Terminus 
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for which can only 
be speculated. Two 
possible explanation
s are offered here: 
1) observers' bias in takin
g 
the radar meter rea
dings and 2) actual spe
ed difference du.e 
to the elapsed tbne
 (one year) between 
the original and ch
eck surveys. At an
y rate, the same o
bservers were used 
whenever possible i
n the 
final surveys. 
An inventory of ex
isting traffic contro
l devices was made. 
The pavement at all
 locations was marke
d 
with a four-inch w
ide, white centerline
 and equally wide, w
hite edge lines. At s
ix of the seven loca
tions, 
approximately 7 50 f
eet of roadway lead
ing to each lane dro
p was delineated by
 double amber refle
ctors 
spaced at 10(). to 20
0-foot intervals. At
 greater distances f
rom the lane drop,
 single white reflec
tors 
were used for delin
eation. There was n
o delineation at the
 Paris Pike lane ter
mination. Original s
igning 
of the seven locati
ons is shown schem
atically in Figures 
10 through 16. 
The intuitive but f
undamental require
ment for improving
 traffic flow is a fu
lly adequate advanc
e 
warning. Advance w
arning is necessary 
in order to give dri
vers sufficient time 
for decision making
 and 
subsequent maneuve
ring into the prope
r traffic lane. Thre
e devices were used
 separately and in v
arious 
combinations in this
 study: 1) five-inch wide
, yellow edge lining
 and two-foot wide,
 yellow gore striping
; 
2) double amber reflec
tors on both sides
 of the roadway 
(where possible) with d
ecreased spacing 
approaching the go
re area; and 3) black-o
n-yellow exit ONL
Y signs. In additio
n, the Paris Pike la
ne 
termination was re-
signed according to
 guidelines set forth
 in the new 1971 M
anual on Uniform T
raffic 
Control Devices fo
r Streets and Highw
ays. The new signin
g scheme is illustra
ted in Figure 17. T
ypical 
edge lining and del
ineator placement a
re illustrated in Fig
ures 18 and 19. A b
lack-on-yellow exit 
ONLY 
panel is shown in 
Figure 4. 
Early in the pilot 
phase of this study
, time-lapse still ph
otography was utili
zed in an attempt 
to 
record two-dimensio
nally the traffic flo
w characteristics at
 a lane drop. It was
 felt that vehicle ta
illight 
tracings would give
 the reader some in
sight into the merg
ing and erratic man
euvers that occur. 
However, 
difficulty was enco
untered in getting s
ufficient camera ele
vation for adequate
 viewing, and this p
ortion 
of tl!e study was t
erminated. Nonethe
less, an overpass a
t the I-64 westboun
d lane split afforde
d the 
proper camera elev
ation for one locat
ion, albeit the ove
rpass was located t
oo close to the go
re area 
to adequately recor
d merging maneuve
rs. Figure 20 is th
e singular result o
f this phase of the 
study, 
and it does show w
ith clarity the traf
fic flow at the 1·6
4 westbound locati
on, including one e
rratic 
movement at the 
gore area. 
FINDINGS AND D
ISCUSSION 
To enltance the cla
rity of findings, dat
a analysis has been 
subdivided into six 
different comparison
s: 
1) conflicts with site ge
ometries, 2) conflicts w
ith accidents, 3) erratic 
movement and brak
elight rates 
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before and after e
ach traffic contro
l device combinatio
n installation, 4) spot-s
peed means before 
and 
after each installa
tion, 5) conflicts with 
spot-speed means, 
and 6) conflicts with 
spot-speed variance
. 
A discussion of ea
ch of these compa
risons and some c
omments on data 
restrictions follow.
 
CONFLICTS AND 
SITE GEOMETRICS
 
Erratic movement 
rates, brakelight rat
es, and average hou
rly volumes for all s
even lane-drop locat
ions 
are given in Tables
 1 through 4. Site 
geometries may be
 found in Figures 
21 and 22. Althou
gh it has 
been argued that d
riving performance 
is largely dependen
t on inherent perso
nal characteristics (27), 
these 
figures clearly sho
w the direct relati
onship between co
nflicts and site geo
metries. Wherever h
orizontal 
curves had the le
ast curvature and
 vertical curves w
here either nonex
istent or negative,
 conflict rates 
were the lowest. N
egative vertical grad
es provide optimum
 sight relationships,
 which are needed t
o indicate 
to the driver that 
he is approaching 
a discontinuity (a lane 
drop) in the route he i
s traveling (28, 29), 
Positive vertical gr
ades provide poor 
sight distances and 
are one reaso
n for high conflict
 rates at such 
sites (30). It has been
 stated that a high
-speed exit is best 
provided by a flat 
angle of 4' or 5o (28). 
However, of the s
ix lane drops havin
g exit-type ramps,
, only two (1-75 northb
ound at 5th Street
 and 
I-75 southbound at
 1-71 southbound) met
 this maximum cur
vature requirement
. It is important to
 note 
that the two whic
h met this require
ment had the low
est conflict rates. 
Operational charac
teristics of all the
 lane drops studie
d (except the Paris Pik
e lane termination
) 
may be negatively
 affected by its n
on-conformance to
 certain rules of 
operational flexibil
ity and 
expressway connec
tion-system design.
 According to prin
ciples of operation
al flexibility, any c
hange in 
the basic (minimum) n
umber of lanes, in
 this case four, sh
ould occur at an in
tersection with ano
ther 
freeway; and then 
only if the exiting 
volume is sufficien
tly large to permit 
a change in the bas
ic number 
of lanes beyond th
is point on the fr
eeway route as a w
hole (Jl}. Two other d
eficiencies of the l
ane 
splits investigated 
may be enumerate
d: 1) "T" intersection
s between expressw
ays should be avoi
ded, 
particularly when 
the top of the "T
" faces toward a 
region of higher av
erage traffic densit
y, and 2) 
two facilities shoul
d not reduce to on
e in areas of increa
sing traffic density;
 instead, they shou
ld merge 
as traffic loads bec
ome higher ( 32 ). 
Data in Tables 1 t
hrough 4 show no
 clear relationship 
between conflicts a
nd volume. Indeed
, the 
site with the lowe
st average hourly 
volume had the h
ighest overall conf
lict rate, while the
 site with 
the highest average
 hourly volume h
ad the lowest over
all conflict rate. A
 detailed explanatio
n of this 
phenonrnena may 
be found in the !i
teratur" (33). It suffice
s to say that there
 are two primary r
easons 
for this seemingly 
paradoxical observ
ation. First, moder
n high-speed highw
ays are designed to
 relieve 
25 
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the driver of many
 operational judgements
 and decisions associated
 with the older ty
pe highways. This 
enviromnent leads 
to inattentiveness 
and reduced alertn
ess, particularly a
t low traffic volum
es, which 
increase the proba
bility of a conflic
t-producing situati
on. Secondly, at l
ow volumes there
 is reduced 
"caravaning", whe
rein each driver c
onsciously or subc
onsciously follows 
the vehicle(s) ahead. A
t high 
volumes, the oppo
site of these two 
explanations is tru
e. 
There was also no 
clear trend in confl
ict rates at sites wit
h intermediate volu
mes. A partial expl
anation 
of this observation
 is that it is these i
ntermediate volume
 conditions, particu
larly between appr
oximately 
2,000 and 5,000 
vehicles per day, w
hich produce inco
nsistent conflict r
ates (33). 
CONFUCTS AND
 ACCIDENT RAT
ES 
Accident summarie
s of all seven lane-
drop locations, as w
ell as collision diagr
ams for the five loc
ations 
with the highest a
ccident frequencies
, may be found in
 APPENDIX B ( 34 ). Al
so included in APP
ENDIX 
B are 1971 adjusted' av
erage daily traffic 
volumes used in c
alculating accident
 rates. 
Overall conflict rat
es and accident rat
es per million vehi
cles may be found 
in Table 5. Careful
 study 
of this table revea
ls no definitive re
lationship between
 conflict and acci
dent rates at the 
lane drops 
investigated. 
ERRATIC MOVEM
ENT AND BRAK
ELIGHT RATES 
BEFORE AND AF
TER INSTALLAT
ION OF 
EACH TRAFFIC 
CONTROL DEVIC
E COMBINATION
 
A statistical analy
sis of all erratic 
movement and bra
kelight rate deviat
ions was made usi
ng the 
Smith-Satterthwait
e test ( 35 ). Significan
t erratic movemen
t and brakelight ra
te deviations are g
iven in 
Tables 6 through 1
8. A summary of s
tatistical theory an
d tests utilized in t
he analysis of data 
is presented 
in APPENDIX C. 
Enviromnental, go
emetric and traffic
 conditions were d
ifferent at each lan
e drop. This is pe
rhaps 
the primary reason
 that a study of c
onflict deviations i
ndicates no single 
type of traffic con
trol device 
was significantly e
ffective in reducing
 erratic movement 
and brakelight rates
 at the seven locatio
ns. Rather, 
it appears that di
fferent devices we
re generally most 
effective at each 
of the locations, 
i.e., amber 
delineators at the 
1·75 southbound l
ane split during b
oth day and night 
conditions, exit ON
LY signs 
at the I-64 westbo
und lane split dur
ing day condition
s, yellow striping 
at the I-75 northb
ound lane 
split during day co
nditions, and ambe
r delineators and y
ellow striping at th
e Bluegrass Parkwa
y location 
under both day an
d night conditions
. ·No device was p
articularly effective
 at the I-75 northb
ound lane 
split during night 
conditions. 
At the Paris Pike l
ane termination, th
e signing scheme re
commended by the
 1971 Manual on U
nifonn 
30 
~00, 
'"''"" 
TABLE 5 
OVERALL ERR
ATIC MOVEME
NT, BRAKELIG
HT, AND ACCID
ENT RATES 
(PER MILLION VEH
ICLES) 
OVERALL 
OVERALL 
ERRATIC MOV
EMENT BR
AKELIGHT 
ACCIDENT 
LOCATION 
RATE 
RATE 
RATE 
I 64 WB 
34,700 
222,300 
1.58 
I 75 NB 
65,000 
150,600 
1.33 
I 75 SB 
15,700 
286,900 
1.45 
BG PARKWAY 
223,200. 
299,100 
3.56 
PARIS PIKE 
9,000 
43,500 
4.72 
I 75 NB @ 5th 
St 
6,100 
57,800 
Ll2 
I 75 SB @ I 71
 SB 
12,200 
79,400 
.77 
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DECRBMm 
Dli:Cll.P.I\Sl> 
J:rECllE:ri5E 
l!IC!!Eil.Sl': l!SC
!!l'lASE !N
CRB!\Sll 
UlC!!eASE 
lNCREliSll 
INClUi:IISE 
lllCRll:I\SE D
ECRilliSE 
lNCI\1':1\SE 
DFCREI'oSl'l 
lNCREI'oSE 
INCREASE 
tNG!'\EM:!E O
!X:IUl!\SE 
" 'rh-:> Wto~d~ 
"IW:Rll!\SE~ 0.
 "t>llCI!E~SS" 
refe:o:: to ce
rt11ln ena
tic movement
 or btoal,~Hg"
h~ >:"1'!t~ 
J\.._,,i.atiOM 
that '"'~"" f.on
n<L to be ot
atistica1ly
 5i"n~.>:lcant 
at th<> SS% c
onfl<'lM~e le,
.,eL 
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TD:l'AL 
lJO:Cmli\SS 
!Jtclli!.>,SE 
DBC!lBI\SE 
W"CRB71Sil 
!UCI!llh.';J; 
5'1'\Jrl;( 'l'RAJ.>l.'lC
 CONTRor. 
m;wmR DE\fiCt(S) 
~l>0$0 
' ' 
' 
' 
YELLtlli lni!Il'lN
~ 
'! 1/EZ.LCW ST!>
.IPlllG 
• 
l!U<l.EI\ llELIW!'tll
'l'OilS 
'T :f Ol<l ... Y" SIGIIB, 
YlilLW!l" STI!XPIN
G, 
' l\llmER tiEL!!fflii
TO!UI 
" ! 
'" '" • 
YtLWW S'!'lUn
NG 
'fAIILR 7 
I 7S !lll • I ~4 1!8 LA
NE SrLIT {NlGH'fnME
) 
SIGNIFICANT ERR
ATIC MOVEMRNT 
& llRAKllLlGliT R
ATE DI!VlATlONg
. 
COMPl\RrliON 
'l"''E'E OF ERMT
IC !o\OVE!tll:ll'T 
MT.E 
1'11()1.\ 
" 
'~ 
S~UD¥ s~;r ~~~;s
 c~~~ 5"'0"P"" ' =•••mo 
I ~~c~:, ~~~~E ,,.
, 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
--
- --
--
-
--
-
--
-
--
-
--
-
' 
--
- --
--
-
--
-
; --- --
- -
--
--
-
--
-
--
-
--
-
' 
PSCI\EI\SE --
DECl\EASS ---
--
-
--
-
IlllC\l.EI'.S:S 
' 
DECII.B!'.SS --
--
- -
--
--
-
DECREI\IlS D
ECI\'lASE 
; Dl>CRE<'Il1E
 
--
--
-
--
- -
--
DECBEMII': ---
' 
--
-
--
-
--
-
--
-
-
-
-
--
-
' 
--
-
--
-
--
-
--
- -
--
lNCIIEI\Sil lliC
!li!!ABl!i 
; 
--
- -
--
--
- -
--
--
-
lNCII.Eli\BI'! ---
~'l'h" wo:rds "n!C
I!EASE" & "J:lJ;C
R!:I\SE" :refa;r t
o ae;rt,.ln e;rr
at:l.c m<><>emsnt 
or 
~r,.keliqht :<ll.
te <:l~v:l.ati<me '
r.hat wan· foun
d to be ~taHst
icel1y aign!H
~ 
<>lUI'r. at. th11 95%
 confi(!enca level
. 
TAllLE S 
l 7~ NH · l M £11 
LANE srttr {DAYTIM
E) 
SlGNJFICANl EIW
:ATIC MOVEMENT
 & ll!VoKEUGHT 
RATS DlWJATtOI'l
S" 
*'l:'h~ worde "nTC
ltEI\.SE" & "DB~R
BASE" rt<'le'r to
 certain 
etratic movem
ent o:< b~-akeli•;fl-
l'r. :<ate <Sevia
tions th"t we
re ~oun(! 
to be steti~tic
ally significa
nt at th~ 95"" 
confiilence le
vel. 
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'X':!'Pll OF !lRAK
!':L!illl'l' I\1\'1'1': 
~-~~N sa~:r:R '~ 
--
--
-
--
-
--
--
-
--
-
--
DECI\BI\Slil ---
-
-
DECilEI\SE DE
CRI':ASE 
--
DI'ICRillll!t ---
--
-
--
-
--
--
-
--
-
--
--
-
--
-
"~ ot;LY" srm~s 
~;, 
~ " 
"' 011L1'' SlG
NS. 
Yl'lLt.Ol'! S'l'R
IJnllS, & 
1\M!Il!:il OI>Z.l.N
ID>.'riOlJS 
TABU 9 
1 7S NB - l 64 
EU LANE SPLIT
 (MGfJTl'lME) 
SIGNll'lCANT f:l
:tRATIC MOVEM
ENT & RRAKELI
GHT RATE DEV
IATIONS• 
llAC!\ED MU
Vfi!'t-1': 
61-IBRVE!J A
T GOI\1: 1':1
\ROI\S '!'OT/If
, 
I!WRl'ltlSE 
*Th" 'Wo~dn "T
h'Clml\!lll" & "D
ECJ1El<SE" ::af
er to certain
 
erratic movem
ent c:: bral<ali
<;!ht ri>.te de"
l.HtlonB that 
were found 
to be atatht
ically Gigni
i'icant at tl>e
 95% confU!en
ce levaL 
TAIILE lO 
l 64 W.ll l.M<E 
SPLIT (DAYrtME) 
SJGNJFICANT E
RRATJC MOVI!
MENT & liRAK
I!LJGHT RATE 
06\'IATlONS• 
Mllll!.M $/!OI.
lll:>ll!l 
!MIS J:.
l\ffi'l TOTAl.. 
-
-
-
PECil.E~SE 
PECI!£1\Bll 
PEC:f\1':1\Sll 
J)EC:f\El\Sll 
J:l@:Rlli>SB DE
CI\BASll ll!lCI\
lli\Sll 
PECREl\SE 
PSCREASE 
PECRE/\SE 
PECRE!l.SE 
Dl'.CREI\SS 
DECPJlASE 
*:rhe ~mt(le #t
ncn&~sE" & "O
£CRlli\SE" :ref
er to ~ertain 
erratic 
moveJn~l'lt or b
r.,J;eli~ht !'"itt
<> aeviations
 that "e:re fa
.>lld to be 
~\:o.ti<;Ucall>'
 ~igl1ifioant 
at the 95% co
nfidence l-eve
l. 
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DECREI\Sll 
PJlCREltSE 
INC!\SASE 
sWDY 
Nm!MR 
' 
' 
' 
' 
1\Vl~F!C CXINfiW~ 
DEVlCI!(S) f;MfWYlll;) 
Ol110!NAL 
AM!iBI!. PBWNJ'AT
DRS 
YBU..QW S'J'Rll'lNC 
M!a~ll DELlN~A
WRS 
AAO 
l'lllJJ:)W STIUPfff(l 
Ol11GIN~~ 
I>Ml!ER DEllNMW
RS 
J\I,IBER DlOUNEA.TO
I\S 
'" 
YEllOW STRlNNG 
UUJll' STUPY 
NO. ~0. 
COMPAI!.fS(Ir.l 
TABU\ ll 
BLUl!GRASS PARKW
AY LANE liPLIT {DAYf
JME) 
SlCN.IFICANT llRRA
TJC MOVEMENT A
ND BMKELlCH:T R
ATE I»MA1'JQNS" 
TY!'~ OF e~Jt.\TIC 
MOVEMENT MTll 
Sl'llPPBP 
•Tilo !l'l>Id! "!~C~Mf>'' or
oJ "D~CMASE" 10!01 to «<
lolrt .,.,.,l<m'>'lom•nt
 or brtl<<ll$f!< "" ""Ut\o
no 
til" wm fooncl to 
O• •tot!>r~oljy <lsnlr"-"'t " th
o 9> P'"""'' <o.ofld'""' lovd 
TABLJ! 12 
bLUEGRASS PARKW
AY lANE SPLIT {NJGI-
!TIIME) 
SIGNIFICANT ERRA
TIC MOVEMENT AN
D IIJIAKELIGHT R
ATS DEVI.ATIONS ..
 
T'il'~ OF g~R,~.T/i: 
MOVEME\IT !\AT6 
F~OM TO 
S1UOY SWD'i 
S;TCPNID 
MU~TWL~ 
~ "" 
!.lORE 
DEClliVISE 
DttRflASI! 
Dil!::JU:ASE 
"Tl" ""'"' "lllCI\EAS~" '"d 
"DECRIM.•E" rol" t
o'""'" ''",;" ""
'"'"'"' 
"'0"~<1\ihl "'' .!<•J"hm> 
t\i>l """ kr«rnl ID O
o "''"l\c.rty •~y<lf""'' >I 
1h• 95 po«<nt """~Nl'"" 
l"o\. 
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Tl'Pf- OF U!\AI(EL[Ill!f
 RAT~ 
~-~ SHO\IU!
~ft 
~· ~· """ 
D~CREII.SB llEC!ll;
ASE 
ml'JU!ASE 
lNCAAASE 
JN(;Rf.IISE lNCRnA.S
I! !NCIUfAJ.;B 
!~'CIUfAl>E 
TYPE OF ~RA./(BL\
CHT RAT!t 
TOfAL 
DECRENIE 
!!CRr;ASf lltr.l\li
ASf, JNCli~ASB 
DECR~ASB 
DECI!.EASO 
0\l.IGJNAl 
AO!lli;J! O~I.JNEHO
RS 
"NliW" SIGN!i 
"NfW" SIGWll 
·~ 
Aio1Nl!l llELlNH,;:f
OR~ 
"NEW" SIGNS 
~0 
YHU\W OTRIPING
 
"NBW" Sl(lN~. 
YHJ.DW STRIPI!<G
. 
"" 
.W8~11- DEUNEATO
RS 
AMU~/1. DBUNEATO
~S 
"NI\W" SIGNS 
"NOW" SIGNS 
'"" 
J\M~Gi< PFUNJ'.ATO
I!S 
"NEW" SIGNS 
"NEW" SIG)I!l, 
veuow STf!ll'JNG
, 
·~ 
JIMil~l< OEWIMTm
l~ 
TABLE: !3 
J'ARIS PIKE LAN
E TERMtNAflON
 (DAYfiMll) 
SIGNlfJCANT ERR
ATIC NOVEbffiNT 
AND BRAKEUGHT
 RAT.fl- DE.VIATtoN
S• 
CO¥PAR1SON 
Fll.DM TO 
STI.IIJY SlUPY 
CI<DWOEO 
110. ND. 
PECII-EJ\S£ l)
ECRBAS~ Of;CN
IIAS!i 
1>£C!l;EM~ 
!)ECREAS£ !Jt:CR
BASE 
OEC!<!iABB DEC!l.
EM£ 
/)~CREASE OE
<::~O,!SE 
llt(:!l.!iASB DEC!l.EASE 
OECREAS~ OEC
II.f.ASH 
D£Cll.EA5E 
OECII.f.ASE 
DEC!l.EASE 
!JF.tRe~sB 
DECREASE 
!NCRBME 
DEC!<MSB 
DECREASE 
I>ECREAiiE 
Vfell.EASE 
JNl'l\.EAS~ 
NCJIMSE 
DBCJlllA&E 
'11\o """'"' "JNl:~EIW'
:" •nd "OEC!1MilE" r<
l01 to '"'.m rut~tlc mo>
<mont or bro>oll~hl ""
 d,;l"loO> 
u,., ""' foo"~ 1<> IJ< 
>!>tbtiool\~ !l!i'iflqoo> .
, t~o 95 l''""n' oo»iiO
•no< lo .. t. 
TABLli 14 
I'AltlS PIKE LAN!>
 t£KMlNATl0N {NlGtr
rriMli) 
SlGNIFI:CANT ERR
ATIC MOVEMENT 
AND DRAKELIGHT
 RATil ()EV!AT!ONS" 
TDT!\1.-
Ot:CREASE D
ECllUSE l>ECnEMJE
 
DECII.)MSE 
OE!CI<IiASE O
!'.CR~ME !JECII.
JiAl;E 
Pl:Cl'.EI\SE DE!C
RMSE DECllliA
.SE voc~~J\S£ 
JJECR~II,S\'; 
DE~R~ASE 
JJE~R~II.SE OfCR"AS
E 
DECREASE O!."Cl<€A
SE 
DEC~~.IS£ 
COM~.!IRI~0/1 
"fY\'f; Of E~!!ATJC
 MOVBMOl''f !<.ll"E
 
no~' To I:::::::::T--T~==-lc__--.:l-;,;;;
~~·m"f::::::::J---~~-;;;;::;:-l'~"~';'~'~"'';
'~'~""~"~":,;:M~'o',---~ 
n!JOI' StUVY 
CllOWPeO 
SWW~D 
~ND l.!\JLTlfl
E 
MfDJAN SIID\JL
D~l1. S\NClE
 
NO. NO. 
' 
• Th< "'"'"' "INCRC
Mf." •rtd "I>Er.I\EN;~" roi"
 to "'"';" ""''k '""
''"''"' ar l,~digiLt "ie d"i•
tioll> 
<h" _, louod w 
be '""''""~Y •~in
"nt " ti.o 9l ~"'''"
'' eonMoo<• 1""'1. 
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UNt TIT1"AL
 
St!!DY 
NUM9~1< 
' 
' 
' 
' 
STIIIJI' 
TIV\FFIC COJ'IlRO
L 
Pl\V!Cf.(S) EMI'LOYW
 
ORf(WI'~L 
M!UER tlllUNe<\T
OWl 
YlJU.OW SWWING
 
AMDEJI ti~L\~Mi'
GRR 
~' 
Y~LWII' !>TJ\IN~G
 
nAFF\C CXlNT
ML 
OIUCINAL 
A!f~C!!. DELINEAT
ORS 
Y~tWW STJ>\P\NQ
 
A!d~lm DEL!/'lUTO
\lli 
'~ 
YOLlOW STI<JflN
C 
COidfARISON 
FllOM TO 
COMPARISOU 
l'l\OM ro 
TABLE 15 
( 15 SB AT l 71 sn 
(VAY'I'IMI;.) 
SINGLE l.ANii: llX
lT Wl11l. 'IAI'ER
 
SIGNIFICANT E
RRATIC MOVEM
.IiNT AND DRA
KEUOOT RATE
 DEVlATlONS• 
TYl'B OF ERRATI
C MOVnMENl' M
TE 
STOPPED loleti/AN M\DO
LE S!llJULD~R
 
DECREASE 
DEC!<BASE D~\!
.MSE 
OOCRllAn 
D£<:1\llMO P
liCl1HJlE DECR~
AS£ DECI\ll,<.S!i
 Dllel\ll~~~ 
INC!U;~Sf. 
DECI\EASH 
1NC1!.£ASE JNC
AAA~E 
' Tho wot<J• "INCRf
~S8" .. o "I)EC!<EMC"
 ,.r., 1o <llhlo <n>1fo ,..
m011t or broko~r
 r>t• 4o•l>llot~• 
tOol ...,., foo,.O 10
 bo <lotistlOJJI;i >IY
!Iilo.n< or 11>1 ~l P'"""' ooollM
n« l"o\. 
TABLE 16 
t 75 Sll AT 1 71 
SB (NIGHTTIME) 
SlNGLE LANE EX
IT WlTff TAPER 
SlGNI!llCANT lJ
!UlATIC MOVEM
ENT AND BltAK
EUGHT RATE 
tJEVlATlONS~ 
'"' 
GQ!l.C 
Oi;Cll;~AS£ 
OOCltltASE 
TYfS Of URAT
IC fi!(IVEMIJNT l\A1E
 
~10PPEb 
b~C~BMS 
ll~CRE~&t 
'111< WO>d' "INC
REMB" .,,.l "'DE
CIIEME" "I<' ra ""'••• '""'
' "'""""
"I c> P~>i<<light "'" d<<IO!kw>
 
tht W<r< foill'd t
o bo ll><l<ll<Biiy 
>Janll~>"! " tilo 95 f"'"'"' o
oof<l<n« 1"<1. 
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Mlilll"-~ fi(]Ot>a 
~1\0ULD~ 
TOT.-Il 
DF.CREASE 
DECREASE 
Di;CREM~ 
OBCREASt D£C
REAS~ 
Ol!.lO\NAl 
AMUE~ OOUNEA
TORS 
YEU.OW STRIP
JNC 
A!.iQ~R DfUNE
A T\JRS 
'" 
Ym.LOW SfRif"
jNO 
O!l!GINI>.L 
AMBE!< O~LINH
tORS 
AMB~R DUIN
UT\J!\5 
"" 
Yll/.LOW !ITruPI
N{< 
~1\0M Til 
ST!JIJY STIJOY 
NO NO. 
F~OM 10 
ST!JllY STUDY 
NO. NO. 
TAIILE 17 
1 7S Nil AT 5T
R STREET mT 
(DAYTlME) 
SINGLE LANE E
XIT WITHOUT T
Al'Ell 
S!(lNZlliCANT ERRA
TIC MOVEMENT 
AND BRAKELIG
HT RATli ))EV1ATCO
NS• 
TY~£ OF ORMT
IC MOVEMENT 
/!ATE 
'TI" wordt INC
RI\ASE •0\<l lli!C
ilfASE "f<d<>
«<l»n orr•ll< ""
"'"""
' or br.l;<tigl<l ""
 00'\olloo< 
'"" "
"''" found '" t.
< <1><1<1\co~y ''~"lli<>
ill " til• ~J P'"""''
 ouofi<l<""' k"
l 
TAIILE 111 
I 75 Nll AT 5T
H STRnET llXlT
 (NlGtiiTIItlE) 
SINGLll LANE E
XIT WlTHOut T
API3ll 
SlGNIFICANJ' E!U
tATIC MOVEME
NT AND JHlAKEL
IGllT RATE OEVJ
ATIQNS• 
Pf.CnH~l'. 
!lECR~AM 
lli'.CRH~Sf 
DEC~8~M 
nEC!t~~s~ 
OOC]l~ASO 
' 10• wotd< "JNCJ
'-EM;E"' oo<l "blli
'REASE'" !<l<t ID
 c<JIOi" ""'ic ""'""'""' 0< l>r<k
elitl<J "" ~"""""' 
'"" "
'"' rouo<i "'!>< 
""l•<io>lly <i!n
lfu•Ot ot 1M 9J 
P"''"' ooof'*'><
<I<<CI 
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TOTAL 
DJ;CRnASfi 
O~CI!US£ O
IJCRM2E 
T!lTAL 
INC~Ji~SE \\
IC!<E~.\"1: JJ.i
tR~ASf- JNCR
EI\Sf: 
~tR~I\SE 
INCR~AS!i 
!JHCR~I\Sli PfC
R£~Sii DE
CRf.ASii 
llll<:~~ASE 
Traffic Control 
Devices for Stre
ets and Highway
s was the most 
effective device u
sed during daytim
e 
conditions, and 
the amber deline
ators were most 
effective during 
nighttime conditi
ons. 
At the I-75 sout
hbound · I-71 so
uthbound single-l
ane exit with tap
er, the combinat
ion of amber 
delineators and y
ellow striping w
as the most effe
ctive combinatio
n for both dayti
me and nighttim
e. 
At the I 75-5th 
Street single-Jane
 exit without ta
per, the combina
tion of amber de
lineators and 
yellow striping 
was again the m
ost effective com
bination tested u
nder both daytim
e and nighttime 
conditions. 
At these last tw
o locations, nigh
ttime effectivene
ss of the amber 
delineator and y
ellow striping 
combination was 
not statisticaliy s
ignificant. Howev
er, the daytime ef
fectiveness was st
atistically signific
ant 
at the 95 percen
t confidence leve
l. 
SPOT SPEEDS 
BEFORE AND 
AFTER EACH 
INSTALLATION
 
The number of 
interacting facto
rs involved in th
e generation of 
a conflict may b
e so large that 
the effect of an
y one variable is
 negligible. There
fore, it would se
em reasonable to
 examine a featu
re 
of traffic behavio
r more directly s
ensitive to events
 occurring in traf
fic and which are
 under the consci
ous 
control of the d
river. This is gen
erally the case w
ith vehicle speed
, for this is one 
of the basic mod
es 
of vehicle contro
l available to the
 driver and shou
ld be, therefore, 
one to which he
 is most responsi
ve. 
It would seem re
asonable that spe
ed would be a pri
mary control tha
t a driver would e
mploy to compen
sate 
for any potentia
lly hazardous tra
ffic situation, as
 when approach
ing lane drops ( 36 t
 
Spot-speeds, tak
en during daylig
ht hours, were 
analyzed to dete
rmine significant
 mean-speed 
differences befor
e and after each 
different traffic c
ontrol device inst
allation. The stat
istical method us
ed 
may be found i
n APPENDIX C
 (37}. Mean speeds 
for each of the 
locations are giv
en in Figures 23
 
through 29. Alth
ough these spee
ds may appear l
ow upon initial 
inspection, it sh
ould be noted th
at 
two locations hav
e speed limits of
 50 mph and seve
ral of the other l
ocations ·have po
sted advisory spe
eds 
of from 35 mph 
to 45 mph. It sh
ould be recognize
d that horizontal
 alignment is the
 principal roadwa
y 
feature related t
o spot-speed cha
racteristics (38}. Furt
hermore, it has 
been noted that,
 on the average, 
operating speeds 
through weaving 
sections for a gi
ven level of serv
ice will fall from
 5 to 10 mph bel
ow 
those for the sa
me level on adjacent 
roadway sections
 (39 ). 
At the beginning
 of this study, 
it was hypothesi
zed that an effe
ctive traffic cont
rol device at a 
lane drop would
 result in higher 
spot speeds in th
e immediate vicin
ity of the gore an
d in slightly lowe
r 
or unchanged sp
ot speeds at a di
stance of approx
imately 500 feet 
back from the go
re. It was felt th
at 
a driver recogniz
ing the lane-drop
 situation ahead 
would either slow
 down slightly o
r keep a constan
t 
speed during the 
fmal few seconds
 of approach. Th
is decision makin
g was estimated t
o occur at a distan
ce 
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igns 
S, s, & De
lineators 
62 
~ 
Initial ~~~] Stripes 
stripes & Si
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lineators 
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igns 
S, S, & Del
ineators 
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62 J 
56.5]] 
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Initial 
Stripes 
Stripes & D
elineators 
Stripes & S
igns 
S, S, & Del
ineators 
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Initial 
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lineators 
Stripes & Sig
ns 
S, S, & Del
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;~ sj 1 
56.5 
NOTE BRAC
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T MEAN SPEED
 DEVIATIONS 
Figure 23. M
ean Speeds at th
e I 75 SB - I 6
4 EB Lane Split
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TO I64 
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EASTBOUND 
I I 
hliTQQ. 
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S, S, & Delineator
s 
Delineators 49 
TRUCKS 
~ 1 
Initial ;~JJJ I Initial
 44 J 
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Stripes & Signs 
57 . stripe
s & Signs 49 J 
S, S, & Delineators
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SHOULDER 
I sao'
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al 52] J] 
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 54 J 
stripes & Signs 63 J 
stripes & Signs 57 J 
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s 60 s
, s, & Delineators
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Figure 24. Mean Speeds
 at the I 75 NB · I 64 EB 
Lane Split 
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Initial 
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SHOULDER 
sno• 
of 500 feet from the
 lane split. At the g
ore, the driver becom
es more certain of h
is path of travel 
and resumes speed. G
enerally, this trend w
as observed •t each l
ocation for each of t
he traffic control 
device installations 
which were the mo
st effective in redu
cing conflicts. 
CONFLICTS AND SP
OT .SPEED MEANS A
ND VARIANCES 
Total erratic moveme
nt and brakelight rate
 deviations are compa
red with mean speed 
and sample 
variance deviations, f
or each lane-drop typ
e studied, in Tables 
19 through 22. Only 
daylight conflict 
rates were compare
d; speed studies we
re made for dayligh
t conditions only. T
hese comparisons w
eie 
made in an attemp
t to determine if varia
tions in conflict rate
s could be related t
o variations in mean
 
speeds and/or sample 
variances. In the case 
of speed variance, it w
as felt that if, in fact,
 a traffic control 
device causes a red
uction in the varian
ce of speed, then it 
would also reduce th
e frequency of extre
me 
responses and their 
attendent possibilitie
s for driving errors, 
i.e., conflicts. Howev
er, a thorough stud
y 
of Tables 19 through 
22 reveals that there 
;. no apparent relatio
nship between conflic
t rates and mean 
speeds or sample va
riances. The sample 
from which this com
parison was made c
onsisted of all confl
ict 
rates, mean speeds, 
and speed variances
, both initially and 
after installation of 
each experimental t
raffic 
control device. 
DATA RESTRICTION
S 
In summary, there a
re lhnltations on the 
interpretation of the 
data obtaJned in this 
study which 
are perhaps indicative
 of some basic restri
ctions inherent in all
 such field studies of
 this type. First, 
the freedom of respo
nse available to driv
ers is so great that th
e variability in operati
onal characteristics 
may be random. Con
sequently, data taken
 from the roadside o
n a mass of motorist
s may be so unrealia
ble 
that definitive infer
ences are possible ot
)ly in limited situations. 
Second, the time-va
rying characteristics
, 
especially· the "novel
ty effect" created by
 any new traffic con
trol device within the
 highway system, 
prevent the establishm
ent of any real experi
mental control in the 
fielc!. There are too m
any uncontrolled 
variables. Third, obse
rvers, being human, 
are not capable of c
omplete objectivity, regardle
ss of how 
vigorously it is attem
pted. Finally, perhap
s the greatest limitat
ion was that traffic c
onflicts at several 
locations were obser
ved under volume c
onditions which hav
e been shown to pro
duce inconsistent co
nflict 
rates, i.e., in the ran
ge from approximate
ly 2,000 to 5,000 ve
hicles per day (33}. Such
 a limitation 
hindered the analysis 
of field data and the
 conclusions made th
erefrom. 
CONCLUSIONS 
Each of the three t
raffic control device
s tested was effectiv
e, in varying degrees
, in reducing traffic 
conflicts at lane drops
. No single type of tra
ffic control device test
ed was significantly eff
ective in reducing 
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conflicts at all se
ven lane drops. R
ather, different d
evices were gener
ally most effectiv
e at different 
locations. 
The lane drop co
mprised of a sing
le-larte exit witho
ut taper had the 
lowest conflict ra
tes of the 
four different ca
lssifications studie
d. The lane term
ination had the 
next lowest conf
lict rates. 
Lane drops assoc
iated with poor s
ite geometries, i.e
., high rates of c
urvature with att
endant sight 
distance restrictio
ns, were observed 
to have higher co
nflict rates than t
hose associated w
ith more optimal 
geometric feature
s. 
No distinct relati
onship between t
raffic volumes an
d conflict rates, a
s defined herein, 
was found 
at the lane drops
 studied. No def
initive relationshi
p between confli
ct and accident r
ates was found. 
Lane drops must 
be designed prope
rly from the out
set, inasmuch as t
raffic control devi
ces are not 
as effective in re
ducing conflicts a
s are proper site
 geometries. 
There are limitat
ions on the inter
pretation of the 
daia in this study
 which are perhap
s indicative 
of some basic re
strictions inheren
t in all such fiel
d studies of this 
type. 
Although the traf
fic conflict criteri
on is well establis
hed (24, 25 }, its usefu
lness in predicting
 accident 
potential at sites
 where the traffi
c volumes are in
 the range of app
roximately 2,000
 • 5,000 vehicles 
per day is questi
onable. 
RECOMMENDATI
ONS 
Different environ
mental, geometric
, and traffic cond
itions may explain
 why different tra
ffic control 
devices were mos
t effective in red
ucing conflict rat
es at different sit
es. Further study
 of the affecting 
conditions should 
be made to determ
ine their relations
hip with the effec
tiveness of traffic 
control devices. 
The principal objective
 should be the prepar
ation of guideline
s for the installa
tion of traffic co
ntrol 
devices at lane·dr
op locations whe
never the elimin
ation of lane dro
ps is not practic
able. 
In the words of 
the Special AASH
O Traffic Safety 
Committee, "Lan
e drops should n
ormally be 
avoided altogethe
r by original des
ign or later rebu
ilding ... ". 
Whenever the el
imination of lan
e drops is not p
racticable, optimu
m design criteria
, i.e., those 
providing superior
 sight distance, s
hould be followe
d even though su
ch criteria may n
ot be followed 
throughout the e
ntire length of a 
particular route. F
urthermore, the p
rinciples of opera
tional flexibility, 
as expressed in t
he literature (31}, sh
ould be followed
 at all times. 
Based on the fin
dings of this stu
dy· and one by t
he California Div
ision of Highway
s (11). it is 
recommended tha
t the single·lane e
xit without taper
 type of lane drop
 be utilized at all 
single·lane exits 
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APPENDIX A 
ERRATIC MOVEMENT DEFINITIONS 
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ERRATIC MOVEMEN
T DIEFINITIONS 
Cut Across Gore Area 
-
Vehicle crosses over t
he pavement markings
 used to delineate the 
gore area. 
Crowded Weave - Ve
hicle changes lanes dire
ctly in front of a following 
vehicle, causing the following
 
vehicle to apply Its br
akes. This type of err
atic movement always 
directly involves at lea
st 
two vehicles. 
Stopped - Vehicle co
mes to a complete sto
p. 
Slowed Drastically -· 
Vehicle undergoes a v
ery rapid deceleration, 
causing "dipping" of t
he front end 
or tire squealing. 
Swerve -- Vehicle abr
uptly veers from its st
raight ahead course. A
 swerve may or may 
not consist of 
a change of lanes for 
the erratic vehicle. Th
is type of erratic mov
ement always involves 
only 
one vehicle. 
Stopped and Backed 
-
Vehicle comes to a c
omplete stop and then
 backs up. 
Multiple Error -- Occ
urs when a vehicle co
mmits a combination 
of two or more of th
e above errors. 
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APPENDIX B
 
ACCIDENT A
NALYSES 
ACCIDENT S
UMMARIES 
COLLISION D
IAGRAMS 
1971 ADJUST
ED AVERAG
E DAILY TR
AFFIC VOLU
MES 
56 
ACCIDENT SUMMARIES 
57 
ACCIDENT SUMMA
RY 
I 64 - I 75 TRI-LEVE
L INTERCHANGE 
STUDY PERIOD --
August 15, 1967, thr
ough December 31, 
1970 
ACCIDENT RATE -
192 accidents per hu
ndred million vehicle
 miles 
INJURY RATE -- 10
1 accidents per h
undred million vehic
le miles 
NORTHBOUND S
OUTHBOUND TO
TAL PERCEN
T 
NUMBER OF ACCID
ENTS 
65 49 
114 100 
MULTIPLE VEHICL
E ACCIDENTS 
28 30
 58 
51 
Sideswipe 
10 12
 22 
Rear-End 
18 18
 36 
SINGLE VEHICLE A
CCIDENTS 
37 19 
56 49 
Mechanical Failure 
2 0 
2 
Loss of Control* 
35 19 
54 
ACCIDENTS INVOL
VING INJURY 
17 1
7 34 
30 
TOTAL NUMBER IN
JURED 
29 31
 60 
TOTAL FATALITIE
S 
0 0 
0 
LIGHT CONDITION
 
Daylight 
49 27
 76 
67 
Dark 
16 22 
38 33 
PAVEMENT CONDI
TION 
Wet 
27 12 
39 34 
Dry 
38 37
 75 
66 
*Loss of control inclu
des falling asleep, adve
rse roadway condition
s (wet, ice, snow, etc.), inat
tention, 
drinking, object in roadwa
y, etc. 
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ACCIDENT SUMMA
RY 
I-75 NORTHBOUND
 AT THE 5TH 
STREET EXIT IN 
COVINGTON 
STUDY PERIOD ·
 
January 1, 1971 .. 
December 31, 1971 
ACCIDENT RATE ·
 
1.12 accidents per m
illion vehicles 
INJURY RATE 
0.40 injury accidents per 
million vehicles 
NUMBER OF ACCI
DENTS 
ACCIDENT TYPES 
Rear-End 
Multiple Rear-End 
Sideswipe 
Fixed Object 
ACCIDENTS INVOL
VING INJURY 
TOTAL NUMBER I
NJURED 
TOTAL FATAUTIE
S 
LIGHT CONDITION
 
Daylight 
Dark 
Dawn or Dusk 
PAVEMENT COND
ITION 
Wet 
Dry 
59 
TOTAL 
17 
9 
5 
2 
1 
6 
. 12 
0 
14 
2 
5 
12 
PERCENT 
100 
53 
29 
12 
6 
35 
0 
82 
12 
6 
29 
71 
ACCIDENT SUM
MARY 
US 27-68 {Paris Pike
) NORTHBOUND, JU
ST 
NORTH OF NEW
 CIRCLE ROAD
, FAYETTE COU
NTY 
STUDY PERIOD
 • January 1
, 1971 ·• Decem
ber 31, 1971 
ACCIDENT RAT
E· 4.72 accid
ents per million 
vehicles 
INJURY RATE 
!.57 injury accidents 
per million vehic
les 
TOTAL 
PERCENT 
NUMBER OF AC
CIDENTS 
ACCIDENT TYP
ES 
Rear-End 
Multiple Rear-En
d 
Oblique 
Fixed Object 
ACCIDENTS INV
OLVING INJURY
 
TOTAL NUMBE
R INJURED 
TOTAL FATALI
TIES 
LIGHT CONDITI
ON 
Daylight 
Dark 
PAVEMENT CON
DITION 
Wet 
Dry 
60 
9 
4 
I 
2 
2 
3 
3 
0 
5 
4 
3 
6 
100 
45 
11 
22 
22 
33 
0 
56 
44 
33 
67 
{_·. 
ACCIDENT SUMM
ARY 
WESTERN TERMIN
US OF THE BLUE
GRASS PARKWAY
, WESTBOUND 
STUDY PERIOD 
· 
January 1, 1971 •
 December 31, 197
1 
ACCIDENT RATE 
· 
3.56 accidents per 
.million vehicles 
INJURY RATE 
1.78 injury accidents per
 million vehicles 
NUMBER OF ACC
IDENTS 
ACCIDENT TYPES
 
Fixed Object 
Lost Control 
ACCIDENTS INVO
LVING INJURY 
TOTAL NUMBER 
INJURED 
TOTAL FATALITI
ES 
LIGHT CONDITION
 
Daylight 
Dark 
PAVEMENT COND
ITION 
Dry 
ley 
61 
TOTAL 
2 
1 
1 
1 
0 
1 
1 
1 
1 
ACCIDENT SUMM
ARY 
I-75 SOUTHBOUND
 AT I-71 SOUTH
BOUND 
STUDY PERIOD 
-
January I, 1971 --
December 31, 1971
 
ACCIDENT RATE
- 0.77 accidents
 per million vehicle
s 
INJURY RATE 
0.46 injury accidents pe
r million vehicles 
TOTAL 
NUMBER OF ACC
IDENTS 
5 
ACCIDENT TYPES
 
Rear-End 
2 
Multiple Rear-End 
1 
Lost Control 
I 
Sideswipe 
I 
ACCIDENTS INVO
LVING INJURY 
3 
TOTAL NUMBER 
INJURED 
6 
TOTAL FATALITI
ES 
0 
LIGHr CONDITIO
N 
Daylight 
3 
Dark 
1 
Dawn or Dusk 
1 
PAVEMENT COND
ITION 
Wet 
0 
Dry 
5 
62 
PERCENT 
100 
40 
20 
20 
20 
60 
0 
60 
20 
20 
0 
100 
' i' 
COLLISION DIAGRA
MS 
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1971 ADJUSTED AVERAGE 
DAILY TRAFFIC VOLUMES
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1971 ADJUSTED AVERAGE DAILY T
RAFFIC VOLUMES 
LOCATION 1
971 ADT (one way) 
I-75 northbound at 5th Street 
41,518 
US 27-68 (Paris Pike) northbound 
5,229 
I-75 southbound at I-71 southbound 
17,718 
Bluegrass Parkway w~stbound terminus 
1,540 
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1971 ADJUSTED AVERAGE DAILY TRAFFIC VO
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FOR THE I 64 - I 75 TRI-LEVEL INTERCHANGE
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I 
STATISTICAL THEORY 
INFERENCES CONCERNING MEANS 
The following S:niith-Satterthwaite test can be used to test for equality of means when concerned 
with two independent random samples with normal populations whose variances are not necessarily equal: 
H0 :x=y 
t = (x • y) I [ 
s 2 
X 
-+ 
"I 
"BEFORE AND AFTER" SPOT .SPEED STUDIES 
In order to determine significant differences between the mean speeds of 
11before and after11 studies, 
it is necessary to estimate the standard deviation of the differences in means by use of the equation: 
where 
A 
s = /s.z+s-2 v·xb xa 
~ = standard deviation of the difference in means, 
mean variance Or 11before 11 study, and 
s- 2 
"a 
2 I 2 );fa.(xa.J .• - (J;fa.xa.J 
1 l na 1 1 = mean variance of I! after" study. 
n,(na. I) 
If th~ difference in mean speeds is greater than twice the standard deviation of the difference in means, 
i.e. 
it can be said with 95 percent confidence that the observed difference in mean speeds is significant 
(the change in conditions has significantly affected the mean speed). 
DIFFERENCES IN SPOT .SPEED SAMPLE VARIANCES 
The F test is a test of the differences between variances and is the ratio of the larger variance 
to the smaller. 
If s12 and sl are the variances of independ
ent random samples of size n 1 and n2, respectively, 
taken from two normal populations having the same variance, then 
is a value of a random variable having the F distribution with parameters v1 = n1 - 1 and v2 = n2 
1, where v1 = degrees of freedom for the sample 
variance in the numerator, 
v:L... = degrees of freedom for the' sample variance in the denominator. 
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